ABSTRACT: Background: Acromegaly has important effects on quality of life (QOL). This is the first study to measure QOL in acromegalic patients after endoscopic transsphenoidal surgery (ETSS). Methods: We prospectively collected the RAND-36, Center for Epidemiologic Studies Depression (CES-D), and Pituitary QOL validated questionnaires and patients' demographics, clinical presentation, endocrine laboratory results, radiological studies, development of complications and remission rates from 20 consecutive acromegalic patients who had undergone endoscopic transphenoidal surgery. Results: The eleven females and nine males had an average age of 42 years; 90 percent had macroadenomas and 70% had cavernous sinus invasion on their preoperative imaging. Ninety percent had improved symptoms post-operatively and 80% stated that treatment improved their QOL. Biochemically, 35% were cured, 35% had discordant results and 30% were not cured, while pan-hypopituitarism occurred in 4 patients. Physical health subscales and pituitary-related symptoms were similar to norms. "Social," "emotional health," and "energy levels" were significantly lower than norms. Seventy percent stated that their relationship with their physician "very much so" affected their quality of life. Pan hypopituitarism and adjuvant therapy were the most significant predictors of lower QOL subscale scores. Conclusion: Transsphenoidal surgery improves QOL in acromegaly. Attempts to achieve a cure, avoidance of surgically induced pan-hypotpituitarism and adjuvant therapy, will improve quality of life. Our study demonstrates the important role of the patient-physician relationship to QOL and the need to measure QOL in addition to the traditional measures of outcome.
Health related quality of life (HRQOL) describes an individual's perceived physical, mental and social well-being or distress and the ability to engage in daily functions. 1 Instruments to measure HRQOL can be classified as "general" (such as the RAND-36) 2, 3 or "disease specific" such as the Acromegaly quality of life instrument (AcroQoL) 4 or the Pituitary Quality of Life instrument (Pit QOL). 5 Acromegaly is a chronic disease with important effects on Quality of life (QOL), even after cure. 6 Acromegaly or its treatment can affect body image, energy levels, self esteem, emotional stability, social interactions, and emotional state. [7] [8] [9] [10] Prior attempts to measure QOL in acromegaly are few. Badia et al. 4 developed the AcroQoL instrument in 2001 in Spanish and although it provides useful information, its translation to English is a major limitation. A number of authors have used this scale to assess QOL in acromegalic patients [11] [12] [13] [14] and this contributed greatly to our understanding of this disease and the effect it has on our patients. What seems to be missing however, is studying the effect of endoscopic transsphenoid surgery (ETSS) on vision, social and emotional health, in addition to other QOL aspects that are commonly affected after surgery. We believe it is also important to determine the role that health professionals play in a patient's QOL.
The purpose of our study was to perform a comprehensive evaluation of QOL, using both general and disease specific measures, in acromegalic patients undergoing endoscopic transsphenoidal surgery. We also sought to explore the relationship of QOL scores to clinical outcomes such as clinical improvement, degree of tumor resection and biochemical remission.
METHODS
A series of 20 consecutive patients diagnosed with acromegaly were given a series of questionnaires as part of their routine postoperative follow-up. We documented patients' demographics, clinical presentation, laboratory results, full endocrine assessment preoperatively and on each follow up, radiological studies, treatment details, development of complications, degree of tumor resection on postoperative imaging and endocrine remission rates. All patients underwent ETSS, by our previously described technique, 15 performed by a single surgeon, and all had pathologically proven growth hormone (GH) pituitary adenomas.
Disease remission was defined according to the criteria of the 2010 Endocrine Society Consensus as: normal age-and sexadjusted (insulin-like growth factor 1) IGF-I levels and either a random GH of <1.0 µg/L or GH nadir <0.4 μg/L after an oral glucose tolerance test. 16 The three validated questionnaires given to the patients were (a) the Quality of Life Questionnaire for Patients with Pituitary Tumour (PIT QOL); 5 (b) RAND-36 -Item Health Survey (identical questions to MOS-SF36); 2,17 c) Center for Epidemiologic Studies Depression (CES-D) Questionnaire. [18] [19] [20] [21] [22] Norms (controls) for the PIT QOL were derived from 15 patients with asymptomatic, incidentally discovered microadenomas that are being followed up and didn't receive any treatment. These 15 patients filled the PIT QOL questionnaire and their scores were used as the norm. Norms for the RAND 36 (SF-36) were derived from the Canadian normative data of the SF-36, 23 which is a huge Canadian study that provided norm scores of the general Canadian population in the RAND-36.
a) Quality of Life Questionnaire for Patients with Pituitary Tumour (PIT QOL)
This disease specific questionnaire with 53 questions rated on a 7 point Liekert. Higher scores represent higher quality of life. The scale was developed and validated by our senior author M.C in 2005, 8 specifically to measure quality of life of pituitary patients. The questionnaire has the following subscales: 1) General and Emotional (maximum score is 126): Eighteen questions about general health, energy, physical pain, ability to perform work, sex life, and emotional content (stress, anxiety, peacefulness, happiness and sense of accomplishment). 2) Social (maximum score is 56): Eight questions mainly on relationship with family, friends and support received. This 36 items-survey is identical to the MOS SF-36 described in Ware and Sherbourne. 2 The RAND-36, a general instrument for measuring health status in any generic population, can provide an estimate of the overall QOL of patients with pituitary tumors. 17 The RAND 36-Item Health Survey (Version 1.0) covers eight concepts (Each has a maximum score of 100) and has a maximum total score of 800: 1) physical functioning 2) bodily pain 3) role limitation due to physical health 4) role limitation due to emotional health 5) emotional well being 6) social functioning 7) energy/fatigue 8) general health perception
c) CES-D Questionnaire
The Center for Epidemiologic Studies Depression Scale (CES-D) is a validated and widely used measure of depression. 18, 19 The 20 item scale measures sadness, sleep, loss of interest, appetite, concentration, worthlessness, fatigue, agitation and suicidal thoughts. Scores higher than 16 indicated depressive illness. 18, 19 Statistical Analysis SPSS 20 software (SPSS Inc., Chicago, Illinois) was used for statistical analyses. Data were presented as mean ± Standard Deviation (SD) for normal variables and medians and interquartile ranges (IQR) for skewed variables. Comparisons between groups were performed using t tests, Non-Parametric Tests (KruskalWallis), and Chi-Square tests depending on the distribution of variables. Pearson correlation coefficients are calculated to explore the relationship among variables. Pituitary QOL scores were evaluated by comparing them to the scores of the control group. RAND-36 scores were also evaluated by comparing them with their control norm group, but for easier analysis and demonstration, we used norm-based scoring for this comparison, i.e. all RAND-36 subscale scores for the control groups were set and recalculated as mean 50 and SD 10, then the scores of our study group recalculated and plotted against the control so that the relative amount of deviation from the norm remains the same in the new model. Tables 2 and 3 summarize the scores of patients on the three questionnaires. The PIT QOL subscales entitled "Pituitary-Related" and the "Relationship With Physician "had higher scores than the norm. Subscale scores of "Social Health" and the "General And Emotional" were significantly lower than the norm. Figure 1 compares the median scores of PIT QOL subscales in relation to the norms. For CES-D, The median score was 10 (Range 0-44, Mean 11.3) denoting non-significant psychological impact of surgery. For the general QOL instrument, RAND-36, the highest scores compared to the Canadian norm, was for the "Physical Health" subscale and "Role Limitation Due To Emotional Aspect". The lowest scores were for the "Energy Levels" subscale. Figure 2 compares the median scores of our patients to Canadian norms on the RAND-36 subscales.
RESULTS

Patient Characteristics and QOL scores
Impact of ETSS on QOL
Two questions specifically compared the QOL before and after surgery:
1. "Rate your satisfaction with the treatment in controlling your symptoms and improving your quality of life." Sixteen patients (80%) admitted it was good to excellent, while four patients (20 %) answered that it was poor. 2. "Compared to before surgery, how would you rate your general health now?" Fourteen patients (70%) admitted it was better, four patients (20%) admitted it was the same, and two patients (10%) said it was worse.
Impact of clinical, endocrine and radiological outcomes on QOL
We studied the association of different variables on the scores in all questionnaires. There was no significant effect of endocrine remission, gross total resection, preoperative tumor volume, cavernous sinus invasion or repeated surgery on any of the QOL total or subscale scores.
Patients who developed pan-hypopituitarism had significantly worse total CES-D scores and total RAND-36 scores (Figure 3 ) than those with normal postoperative pituitary function (p 0.03 and 0.02 respectively). The RAND36 (SOCIAL) and RAND-36 (PAIN) subscale scores were also worse in this subset of patients (Table 4) ; P0.02 and P0.007 respectively. Patients who were on adjuvant therapy (with somatostatin analogues) or had radiation at the time of their questionnaires had significantly worse total CES-D and RAND-36 scores (Figure 3 ) than patients who didn't receive adjuvant treatment (p 0.005 and p 0.02 respectively). There was also significant reduction in the scores of the RAND-36 (PHYSICAL), RAND-36(EMOTIONAL), RAND-36(SOCIAL) and RAND-36 (PAIN) subscales (p 0.008, p 0.02, p 0.03 and p 0.05 respectively) (see Table 4 ). 
Relationship with physician and QOL
The PIT QOL questionnaire has a subsection called "Relationship With Physician" to determine the overall satisfaction with the family physician, endocrinologist and neurosurgeon (Table 5) . Seventy percent of patients considered that their relationship with their physician "very much so" affected their QOL. Of all doctors, the relationship with neurosurgeon was the most important (neurosurgeon 6.6; endocrinologist 6.3; family physician 6.1). None of the outcome variables, including development of complications or failure to cure, affected the relationship or overall satisfaction with the treating physician.
DISCUSSION
Acromegaly is a chronic disease that can affect the QOL even after a patient is treated and cured. 6 Recent studies evaluated QOL Median scores of RAND-36 subscales compared to the control group. We used norm-based scoring for better demonstrating the results, i.e Norm scores were set as mean = 50 and SD = 10, for all subscales. "Physical health" subscale appears to be similar to the control group, while "Energy levels" subscale appears very much affected. Like PIT QOL, "social" and "emotional" subscales were also affected.
for acromegaly using only one questionnaire; the "AcroQoL" questionnaire and validated its use for acromegaly. [11] [12] [13] [14] We felt that this questionnaire didn't cover many aspects of HRQOL which was also confirmed by Trepp et al. 13 In this study, we evaluated the QOL after ETSS for 20 acromegalic patients using the selected three questionnaires. These three questionnaires seem to complement each other as they cover almost all aspects of HRQOL, including; general, social, emotional, psychiatric, physical health, limitation due to disease, relationship with family and physician among many other factors.
Our results demonstrate that 70% of patients undergoing ETSS indicate that their general health and QOL is better compared to before surgery. The vast majority of patients enjoyed good physical health and had no limitation of activities following surgery. Contrary to what other authors have described about acromegaly, 7-10 our CES-D scores of mental health indicate that most patients after surgery were free of depressive and psychological disorders.
Although 80% of our patients were satisfied by their treatment and stated that surgery improved their quality of life, our results indicate some areas that require attention in these patients. We found the social, general and emotional health (Figures 1 and 2 ) scores of these patients somewhat lower than expected. These aspects may be particularly neglected by most physicians. Since our patients indicated that the neurosurgeon, amongst all their doctors, plays the most significant role in their QOL, it is important that neurosurgeons be attuned to routinely address patients' social and emotional health during follow up. These patients may benefit from appropriate psychotherapeutic interventions such as behavioural therapy, support groups and participation in various social activities. One study showed that patients with an active coping style tend to feel more content and have improved QOL. 24 Another aspect of QOL that was severely affected is our patients' energy levels after surgery, which is evident from the RAND-36 (ENERGY) scores (Figure 2) . Lack of energy can be a trigger to social withdrawal and thus more decline in social health. Moreover, decrease in physical activity resulting from low energy levels is a precipitating factor to various cardiovascular diseases. Healthy diet and regular exercise should thus be recommended for all acromegalic patients after surgery.
An important finding of our study was that postoperative panhypopituitarism and adjuvant treatment is predictive of poor QOL scores. This is contrary to what has been reported by Trepp et al., 13 however; the instruments used were different from ours. Our results could be explained by the associated symptoms of hormonal imbalance, necessity of taking life-long treatment and somatostatin analogue side-effects such as gastrointestinal upset, gall stones, pain at injection site and transient hair loss. [25] [26] [27] [28] These patients might benefit from special attention from the clinician and associated staff like social workers. Although endocrine remission and gross total resection did not significantly affect any of the QOL scores directly, these factors are important in defining the need for adjuvant therapy and so may be very important in QOL in larger series of patients. In our opinion, these results highlight the fact that surgeons should strive for resections that avoid pan-hypopituitarism and minimize the need for adjuvant therapy. These results also emphasize that our approach is feasible and that measuring QOL in addition to traditional measures outcome from neurosurgical procedures is likely to be very fruitful.
We were also able to document the very important role that the relationship between neurosurgeon and patient plays in a patient's QOL. Our results emphasize the prime role of the neurosurgeon, with 90% of our patients admitting that this relationship affected their QOL. Regardless of the patient's disease outcome, a caring approach to patients and a physician who addresses social and emotional health is likely to have patients with higher levels of QOL. As evident from our results, failure to cure and development of complications didn't affect the patients' relationship with their treating physician. These findings are an important reminder to all of us that investments in the "art of medicine" are also likely to pay dividends to our patients and should be encouraged in all educational programs.
LIMITATIONS
Our study would have been improved by a larger sample size and a consistent preoperative administration of the questionnaires. Although a larger selection of questionnaires may have been useful in exploring other aspects of QOL, feasibility and participation rates may have suffered with more tedious administration of more questionnaires to patients. Our findings should be corroborated in larger multicenter and multinational studies.
CONCLUSION
Transphenoidal surgery improves QOL in acromegaly. Attempts to achieve a cure, avoidance of surgically induced panhypopituitarism and adjuvant therapy like radiation will improve quality of life. Our study demonstrates the important role of the patient-physician relationship to QOL and the need to measure QOL in addition to traditional measures of outcome. Effect of some outcome variables on the patient-physician relationship (p VALUE) Patients seemed to be satisfied by their relationship with all the treating physicians. As evident in this table, this relationship was not affected by failure to cure or development of complications
